Introduction
Lichens are composite organisms of a fungus (the mycobiont) and an algal partner (the photobiont or phycobiont) growing together in a symbiotic relationship. Endolichenic fungi, an emerging group of endosymbiotic microorganisms, consist of fungal strains that live within asymptomatic lichen thalli, much in the same way as endophytic fungi live within healthy plant tissues (1) . In contrast to endophytic fungi that have been studied chemically a number of times (2) (3) (4) , only a limited number of endolichenic fungi have thus far been investigated for their secondary metabolites (5, 6) , but studies have shown that endolichenic fungi are also rich sources of structurally diverse and biologically active small-molecule metabolites. In the course of the current authors' ongoing efforts to discover bioactive compounds from endophytic and endolichenic microorganisms, four new anthraquinone derivatives (1-4) ( Figure 1) were obtained, along with six known anthraquinones (5-10) and three xanthones (11) (12) (13) (Supplemental data, http://www. ddtjournal.com/docindex.php?year=2014&kanno=2), from a culture of Aspergillus versicolor, an endolichenic strain of the lichen Lobaria retigera. The structures of these substances were elucidated using spectroscopic methods, including 1D and 2D nuclear magnetic resonance (NMR) and high-resolution electrospray ionization mass spectrometry (HRESIMS). Substances 1-4 were tested for their cytotoxic activity, with 1 and 2 displaying weak inhibitory activity towards the PC-3 and H460 human cancer cell lines. Reported here are the isolation of these compounds, elucidation of their structures, and determination of their bioactivity.
Materials and Methods

General experimental procedures
Optical rotations were measured on a GYROMAT-HP
Summary
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Microorganism
The strain of fungus was isolated from the lichen Lobaria retigera collected from Mount Laojun, Yunnan Province, China. Nuclear ITS rDNA sequencing revealed that it was Aspergillus versicolor. The fungus (accession no. 2011-WX-35b) was deposited in the Key Laboratory of Chemical Biology (Ministry of Education).
Fermentation, extraction, and isolation
The fungal strain was grown on slants of potato dextrose agar (PDA) at 25C for 15 days. The fungus was then placed in five Erlenmeyer flasks (300 mL) that each contained 120 mL of potato dextrose broth (PDB). These fl asks were incubated at 25C on a rotary shaker (120 rpm) for seven days to obtain the seed culture. The seed broth was added to 40 flasks (500 mL) that each contained an autoclaved culture medium of rice (80 g) and water (120 mL). Afterwards, the fl asks were left to stand at room temperature for 40 days until the solid medium had almost disappeared. At harvest, the culture medium containing the mycelium was cut into small pieces, extracted with EtOAc for two days at room temperature, and then filtered. The solvent was evaporated under reduced pressure at 38C to yield a crude extract (36.0 g) that was separated using CC with silica gel eluted with a gradient of petroleum ether (PE) and acetone from 100:0 to 0:100 (v/v) to yield eleven fractions (Fr. A-Fr. K). Fr. D (771.7 mg) was separated using CC with silica gel (PE/acetone, 80:1 to 2:1) to yield six subfractions (Fr. D1-Fr. D6). Compound 11 (101.5 mg) was obtained from Fr. D2 after recrystallization in CH 2 Cl 2 . Fr. D4 (230.0 mg) was loaded onto a Sephadex LH-20 column (CH 2 Cl 2 /MeOH, 1:1) to yield 4 (10.0 mg) and 5 (28.3 mg). Fraction E (80.0 mg) was separated using CC with a Sephadex LH-20 column (CH 2 Cl 2 /MeOH, 1:1) to yield the primary portion (16.2 mg), which was further purified using HPLC (MeOH-H 2 O, 90:10, 1.5 mL/min) to yield 9 (3.0 mg, t R = 10.9 min). Fraction G (2.0 g) was separated using CC with silica gel eluted with a gradient of CH 2 Cl 2 -MeOH (60:1 to pure MeOH) to yield seven subfractions (Fr. G1-Fr. G7). After recrystallization in CH 2 Cl 2 , compounds 6 (8.2 mg) and 7 (10.3 mg) were obtained from Fr. G3 (26.0 mg) and Fr. G2 (29.4 mg), respectively. Fr. G6 (638.7 mg) was subjected to CC with C18 reversed-phase silica gel eluted with a gradient of MeOH-H 2 O (50:50 to 100% MeOH) to yield the primary portion, which was further separated using HPLC (MeOH-H 2 O, 67:33, 1.5 mL/min) to yield 13 (2.1 mg, t R = 34.2 min) and 12 (4.7 mg, t R = 23.4 min). Fraction H (3.6 g) was subjected to CC with silica gel eluted with a gradient of CH 2 Cl 2 -MeOH (80:1 to 5:1) to yield eight subfractions (Fr. H1-Fr. H8). Fr. H4 (430.9 mg) was fi rst separated on silica gel eluted with a gradient of PE-EtOAc (40:1 to 10:1) to yield the primary portion and then separated on C18 reversedphase silica gel eluted with a gradient of MeOH-H 2 O (50:50 to pure MeOH) to yield six subfractions (Fr. H4-1-Fr. H4-6). Fr. H4-4 (53.1 mg) was purifi ed using HPLC (CH 3 CN-H 2 O, 50:50, 1.5 mL/min) to yield 1 (3. Tables 1 and 2. 
Cytotoxicity assay
A tetrazolium-based colorimetric assay (MTT assay) was used to determine cell viability. PC-3 cells (ATCC CRL-1435 human prostate adenocarcinoma) and NCI-H460 cells (ATCC HTB 177 human lung carcinoma) were used. The cell culture and cytotoxic activity assay followed the same procedures as previously described (7). Doxorubicin was used as a positive control, for which the IC 50 values were 0.2 and 0.3 M against PC-3 and NCI-H460, respectively. carbons (including four oxygenated) with chemical shifts attributable to a highly substituted anthraquinone scaffold (8) . In addition, two methylenes (including one oxygenated), two methines, and one oxygenated methyl groups were observed. These data indicated that 1 was similar to versicolorin B (9), except that a methoxy group was present at C-6 in 1 instead of the 6-OH group in versicolorin B. The relative configuration of 1 was determined by analysis of NOESY correlations. (Tables  1 and 2) 
Results and Discussion
